A mathematical and computer model for the transport and transformation of solute contaminants through a soil column from the surface to the groundwater is presented. The model simulates selenium species such as selenate, selenite, and selenomethionine as well as pesticides and nitrogen. This model is based on the mass balance equation including convective transport, dispersive transport, surface adsorption, oxidation and reduction, volatilization, chemical and biological transformation. The governing equations are solved numerically by the method of implicit finite difference. The simulation results are in good agreement with measured values. The major finding in the present study indicates that as the time of simulation increases, the concentration of different selenium species approaches the measured values.
Introduction
Mathematical modeling is an accepted scientific practice, providing the mechanism for comprehensively integrating basic processes and describing a system beyond what can be accomplished using subjective human judgements. It is possible to construct models that better represent the natural system, and to use these models in an objective manner to guide both our future research efforts and current management practices.
Recent years have seen a variety of approaches to description of water and solute movement in soils field. A number of new models have been proposed in response to recently collected field data on solute leaching patterns. Many of them have been produced as the result of research into basic physics and chemistry of salt, nitrogen, pesticide transport and transformation in agricultural soils. Leachates from sanitary landfills are also recognized as important groundwater pollutants. The contaminants are released from the refuse to the passing water by physical, chemical, and microbial processes and percolate through the unsaturated environment, polluting the groundwater with organic and inorganic matter.
The modeling of contaminant transport hinges on an understanding of the mechanisms of mass release from the solid to the liquid phase, and contaminant decay. These mechanisms are influenced by such factors as climatic conditions, type of waste, site geohydrologic conditions, and chemical reactions as well as microbial decomposition of organic matter.
Modeling of different kinds of contaminant was studied by several researchers, Ahlrichs and Hossner (1987), Alemi, et al., (1988 ), shifang (1991 ), Alemi, et al., (1991 , Hutson and Wagenet (1989), Copoulos, et al., (1986) , Thompson and Frankenberger (1990) , Tanji and Mehran (1979), and Hooshmand (1992) .
The objective of this paper is to addresses the spatial and temporal distribution of contaminant concentrations in soil column. Also, to develop a dynamic simulation model, which approximates contaminant concentrations in groundwater systems under unsteady water flow conditions where microbial activities and plant growth were present. The work has been done in Shiraz University in 1997.
Mathematical Model
The flow and the corresponding moisture content and the concentration of a contaminant are considered here in as continuous functions of both space and time. This model considers a variety of processes that occur in the plant root zone as well as leaching to the ground water, including transient fluxes of water and contaminants, alternating periods of rainfall, irrigation and evapotranspiration, under variable soil conditions with depth.
Water flow model
Water flow is calculated using a finitedifference solution to the soil-water flow equation
Where h is a soil water pressure head (mm), θ is volumetric water content (m 3 m -3 ), t is time (day), H is hydraulic head (h + z), z is soil depth, K is hydraulic conductivity
is differential water capacity, and u is a sink term representing water lost by transpiration (absorption of water by plant . Finally, the values of q are then used to estimate selenium transport in the soil profile. The finite difference solution of equation (1) described in detail can be found in LEACHM (Hutson and Wagenent, 1989) .
